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possible to effect a very simple frequency analysis ot a 
signal. 

DRPR: ^. ^ 
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commercial integrated 

circuits for a differential domain generator, 
DEPR; 

FIG. 6 is the circuit of the diffecential dov^aln generator. 
The "DP", domain ^ u 

penultimate outputs, 95 of memory elements 75 through 80 are 
connected through 

inverters, 96 through 101, to the "B" inputs 102 of two 
adders 103 and 104, 

both type CD4008C, configured as a 6 bit adder, 105. : 

DEPR: _. 
A last domain output "D", 106 is connected to the A inputs of 

adder 105. , _^ _ ■ 

Outputs 108 of the adder 105 are connected to inputs, 109, ot 
two registers, « . 

110 and 111, both type MM74C95, configured as an 8 bit 
parallel in/parallel out ..... ^ 

register 112. Clock left inputs 1101 and 1111 of register 
112 are connected to . ^. , 

memory clock left input CL. Output "DD", dif lerential domain 

113 is the main 
signal output of the analyser. Output lllC is used to 
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By using this range pair determination of differential 
domains, it is now 

possible to effect a very simple frequency analysis of a 
signal. 
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FIG. 6 illustrates in more detail the interconnection for 
commercial integrated 

circuits for a differential domain generator, 
DEPR : 

FIG.'e is the circuit of the diff 5 siential doniain generatoc. 
The "DP", domain 

penultimate outputs, 95 of memory elements 75 through 8U are 
connected through 

inverters, 96 through 101, to the "B" inputs 102 of two 
adders 103 and 104, 

both type CD4008C, configured as a 6 bit adder, 105. 

DEPR: ^ . ^ 4: 

A last domain output "D", 106 is connected to the A inputs ot 

adder 105. ^ -.An p 

Outputs 108 of the adder 105 are connected to inputs, 109, ot 
two registers, ^ ^ 

110 and 111, both type MM74C95, configured as an 8 bit 
parallel in/parallel out . ^ 

register 112. Clock left inputs 1101 and 1111 of register 
112 are connected to i..,,;^*:. 
memory clock left input CL. Output "DD", difcferential domain,.. 

113 is the main ... ^ 

signal output of the analyser. Output lllC is used to 
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I absolute 

deviation) of the waveform as shown in step 138. The average 
deviation differs 

slightly from standard deviation in that the average 
deviation is less 

hsusceptible to outlier data points than the standard 
deviation . The average «^™nfi« 
I deviation is give by the following equation: ##EQU1## 

DEPRj 

The width of an event is a function of the pulsewidth of the 
interrogating , , ... ^, 

pulse. Events farther out in the cable tend to be wider than 

events closer to 

the instrument. The width of an event also increases as a 
function of the i ■ i-u 

receiver gain. The width of the event increases along with 

the receiver gain. . ir i. 

For these reasons, distance and gain dependent factors are 
used for estimating 

the width of the event and the end point of the event, 
the distance of the . 
event is less than 50 feet from the instrument, the distance : 
factor is 1. From 

50 feet to less than 100 feet, the distance factor is 
factor is 1.5. From 100 

feet to less than 400 feet, the distance factor is 1.5 and 
so on as shown in § ^ i 

Table 1. The gain factor table takes into account the pulse 

width of the 

interrogating pulses and the gain of the receiver, 
preferred embodiment 

of the invention, the pulsewidth PtfO=4 . 00 nanoseconds, 
pulsewidth PW1=6.00 

nanoseconds, and pulsewidth Ptf2=25.00 nanoseconds. Other 
interrogating ^.u 
pulsewidths may be used with corresponding changes to tne 
distance and gain 
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The data set out in FIG. 4 represent the correlation of the 

TLC response (the r i*-^^ 

summation of the green filter reflectance and the red tilter 

reflectance) with 

that of the probe embedded in the table adjacent to the 
affixed TLC material. 

From FIG. 4 it can be determined that even under rapidly 
fluctuating 

temperatures there is good correlation between the 
temperatures recorded by the 

probe and those which are recorded by the TLC. Under these 
rapidly fluctuating , ^t^- j 

environmental conditions the correlation between the TLC and 

the probe , . . 

measuring the ambient air temperature were less robust. FIG. 

3 correlates the 

TLC recorded temperature to that of the table temperature 

probe. The „ > ^ ^ i 

correlation shows a R.sup.2 of 0.998 and a Sy.X (standard 

deviation of the 

line) of 0.203 where R.sup.2 is the squared regression 
coefficient which shows 

the correlation between two measurements with the value of 1 
demonstrating a 

perfect correlation with a value of 0 demonstrating no 
correlation at all 

between the two measurements. This indicates that within a 

95% confidence , ^ u ^= 

limit, the correlation between the TLC and table probe is 
within half a degree. 

DEPR' 

As indicated by Table 1, a significant reduction in the error 

(in terms of ^ , . . u ,j 

, .^..^..H , nn tUo nrHpr nf Rhoilt ^-fnlfl 1 Rfhl PVPfl J 
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the signal along the probe is then used to determine the 
dielectric constant of 
the fluid. 

.BSPR: , . . 4.K 

A number of proposals have been made for determining the 

dielectric constant of . ., 

a fluid. For example, U.S. Pat. No. 3,812,422 describes a 

method that i • 4. ^ p 

measures a dielectric constant based upon an amplitude ot a 

reflected signal . 
that reflects from an interface between different media such 
as air and fluid. 

The amplitude of the reflected signal provides impedance 
information that then 

is utilized to calculate the dielectric constant . 
BSPR: 

In the preferred embodiment, the device of this invention is 
used to determine 

a level of the fluid that is under investigation. A signal 
propagated along 

the probe reflects back toward the signal receiver when the 
signal encounters 

the interface between air and the fluid. There is a 
reflection because the 

impedance of the fluid is different than the impedance of 
the air. The signal ^ ^ 

continues down the length of the probe to the end of the 
probe immersed in the , ^ , u 

fluid. A second reflection occurs at the end of the probe 
because the end of „u ^- u 

the probe represents a very high irtipedance . The time when 
the reflection at 

the air/fluid interface occurs and the time when the 
reflection from the end of 

the probe occurs are both determined. Those two times and a 
calibration factor 
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measurement is adequate to provide a characteristic impedance 
of a transmission , ^ • «^ 

line and to locate discontinuities along the transmission 

line. However, TDK ■ ■ *.'^r. 

measurements provide only magnitude versus time information . 

usirtq analog j. 
techniques. As a pulse is launched, an analog trace is swept, 

horizontal display, deflected vertically by the voltage level 
of the reflected ^ ^ 

signal. Such traditional TDR techniques do not measure 

impedance versus . . ^„ ' 
frequency of the DUT, but rather display only its pulse 

response. Therefore, „^i.,ui^ i 

it would be desirable to provide a low cost, portable, ! 

pulse-based impedance , . j ^ ' 

measurement instrument that measures complex impedance and ; 

return loss. 
DEPR' 

figs! 6A-C are graphs that illustrate example results from ' 

the overall ^ ^ t-v.^ 

measurement process when an unknown DUT is coupled to the 

instru ment connector 

74. 



The pulse response 

trans^ssion line 12 is shown in FIG. 6A, a calculated 
impedance versus 

frequency measurement based on the transmission line pulse 

criibration'constants is shown in FIG. 6B, and the calculated 

return loss _ 
versus frequency based on the impedanc e versus frequency 
1 " " 
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As a result, there 


several miles from the central office, 
are millions of 

linear feet of subscriber lines. When a fault occurs, 
before it can be u ■ • n 

repaired, it must first be located within this millions ot 

feet of wires. 
BSPR ' 

When' a fault is detected, the telephone company dispatches a 
repair person to 

find and fix the fault. Historically, telephone companies 
have employed three ^ ^.u 

types of repair people: those who repair faults m the 
central office; those . ^ w -t.^^ 

who repair faults in cables routing the pairs of subscriber 

lines around the ^ 
telephone company's service area; and those repairing faults 

at the "station." 

The station refers to the subscriber line as it leaves the 
cable and runs into 

the customer's premises. The different types of repair 
people carry different . 
types of equipment and have different types of training 
geared towards the 

types of conditions they are likely to encounter. For 
example, a repair person 

dispatched to repair a cable might carry a time domain 
ref lectometry (TDK ) , . . • ^ 

unit. This unit is connected to a telephone line and 
transmits an electrical •^^.,^4. 
pulse down the line. When the pulse reaches an open circuit 
or a short circuit 

fault, it is reflected back towards the TDR unit. By 
measuring the time it ^ ^ t*- 

takes for the pulse to travel back and forth to the fault, 
the distance between , 
the fault and repair person can be computed. In this way, 
faults can be 
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•ir.eT.'tlTt of subscriber lines, ^hen a fault occurs, 

r:parred' it^nu^t first be located within this ..llions of 
feet of wires. 

BSPR * 

When' a fault is detected, the telephone company dispatches a 

find^and"ix"th! fault. Historically, telephone companies 
have employed three i < „ fho 

types of repair people: those who repair faults in the 

ehfrepair'fauits'ir cables routing the pairs of subscriber 
teJ^phonrcompanys service area, and those repairing faults 

?he*staUof refers to the subscriber line as it leaves the 

cable and runs into 

the customer's premises. The different types of repair 
people carry different , . 

types of equipment and have different types of training 
geared towards the 

types of conditions they are likely to encounter. For 

Ss^^tched toTepa^rrcable might carry a time domain 
reflectometry (TOR ) , . ■, • 

unit. This unit is connected to a telephone line and 

^^isfdo^n^^hf nne!^^ihen the pulse reaches an open circuit 
or a short circuit 

fault, it is reflected back towards the TDR unit. By 

measuring the time it , ^ ^ ^-k^ 4^01,11- 

takes for the pulse to travel back and forth to the fault, 

the distance between ^ ^ t« -hKic 

the fault and repair person can be computed. In this way, 

faults can be 

located to within a section of cable. 
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VIG. 6B is a calculated impedance versus frequency 
measurement based on the i.K^^<--inn * 

.transmission line pulse response and the calibration 
constants. A trace 604 is 

•the magnitude of the impedance, with the vertical aKis in 
"hotizontaf ^xisln'u^its of frequency in megahertz. The 
ir^:3L"a3ion is approximately 100 ohma across the 

^So^m^gSlertz'burirtC^ject to local peaks and valleys which 
rrflectiors^aLnS the length of the transmission line 12 and 
connectors 14 and 18. Such reflections are the result of 
thrcSnnrciorri4"nd 18 as was shown in the reflected pulse ; 
f?om'reaect?ons due to impedance variations along the length: 

t^anslilission line 12. The impedance is thus calculated as ; 

explained in the 

process 280 shown in FIG. 4B. ; 

CCXR: 

324/600 

"High Resolution Frequency-Domain Kef lectorr.et r/ Hugo 

Vanhamme, IEEE Trans 369-375 
Instrumentation & Measurement, vol. 39. No. 2, pp. 369 3 

Apr. 1990. 



vs. Patent 


May 27. 1997 


Shert2or7 


5,633,801 


1 

! ^ 



< 


< 

r-i 

>■ 

i v 

1 

a 


5 

O 

a. 

>■ 

Bi 

r- 

c 
Z 

S 

i ^ 

A 








ai 
O 
to 

W5 
U3 
(J 

o 
p:: 
a. 
O 


O 
6- 
< 


<4 


so 


o < ; 

So i 

as CO i 


CO 

-J t- 


I 3 

I i 

» a, H 

U S O 
< I- u 


-> 


i2 


o 


U 
< 


— > 


CO S 


tti Z nj 
O 3 i- 


CVI 

d 


iEASTUmwser-L4:(1)d,t1 


51b 


i 


^1 


DERWEHT- 1995-185878 
ACC-KO : 

DERWEHT- 199735 
WEEK : 

COPyRIGHT 1999 DERmNT INFORMATION LTD 

TITLE: system interface fault isolator test set for 

interfaces found in aircraft - uses time domain 
reflectometry test techniques to isolate faults 
from one end of cable 


Basic Abstract Text - ABTX (2) : 

VSWR data is obtained by processing ^^^/^^^ f "^^[J^, 
software built into the maintenance control ^nit (2) The 
control unit is programmable to accommodate a variety ot 
different system interfaces and bit status data can be 
downloaded directly to the control unit. Two adapt-s 6 
are also provided, one of which is connected to the control 
u !t t^a^^^yse a' multi-line digital bus -d the other one 
allows dirferenXial...TI)B measurements to be taken by the bi 
I FI on a MIL^^^^^ bus- 
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8. Apparatus a. claimed in clain 1, further comprising a 
adrp;or"for": pfrallel data bus, comprising .eans including 
plac:d'b:t:^:n a bus contcollec and remote terminal for 
£hUe'DC^sora?rng fh^bus controller from the remote 
drl^er/i^oeiver pair for each data and control line, and a 
rnteS"oinecred between the driver/receiver pairs and 
the maintenance 
control unit. 

9. Apparatus as claimed in claim 1, further comprising a 
MIL-STD-1553 bus , . , 

test adaptor which includes two identical impedance 

norralfzaU^n^ircuits connected between the time domain ■ 

ireflectometer and a .j.; r, TOR 

MIL-STD-1553 bus, in order to perform dii. i. or..e.i ......i... ibK 

measurements on said 
MIL-STD-1553 bus. 

10. Apparatus as claimed in claim 1, wherein said 
maintenance control unit 

and measurement unit are portable. 

11 A system interface fault isolator apparatus, 

^::rr:m:^n; un^rcontLning a plurality of test instruments 

■riud^ng f bur^o whxch additional instrument modules can 

p:rform!nrdif?erent types of measurements on different 
types of interfaces; ^ ^ ^ 
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requiring removal of the cable or component from the system 
A separate . ^. 

maintenance control unit provides the processing means and 
the mass storage 

means for processing and storing reference data, test limits 
and test results . 
for a plurality of systems. The maintenance control unit is 

programmable to . ^ i. u« t-^^^-^A 

accommodate a variety of different interfaces to be tested. 

Two adaptors are ^ ^ 

provided, one of which allows the SI-FI to test and/or 
control a variety of . ^ w u ^m^..^ 

parallel digital buses, and the other of which allows 

::tas:r:m:n:s Ifbe ta.en by the SI-FI on a mL-STD-1553 bus. 


Drawing Description Text - DRTX (6) : 

FIG. 5 is a graph showing the results of differential TDF< 

testing of a . ^ ^ .f 4.k^ ct m 

MIL-STD-1553 bus for a practical implementation of the SI-FX 

unit of FIG. 1. 


Claims Text - CLTX (18) : 

9. Apparatus as claimed in claim 1, further comprising a 
MIL-STD-1553 bus . . ^ 

test adaptor which includes two identical impedance 
converter/delay ^. , ^^-^ 

normalization circuits connected between the time domain 
reflectometer and a ^ 

MIL-STD-1553 bus, in order to perform dirt eren I Jr. 
measurements on said 

MIL-STD-1553 bus. ^ 
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A new TDR technique ha. rece ntly become avaxiable ana is ^ 
dS^rcntialTuK (DTDK). This technique allowa the 
°rfi:ctio^: r.rtheTe::rre.ents. The basic idea is to use 
?hrbac°ground"scatte.ing function of the cable and use it 
"g^aturf of th^ cable to correct the measurements . The 
Sirnls^fsIgnaJSce of all the "background" 
fen^^^'irtht^cabirSn^e: test which is usually referred to . 
?:c:ive5!'bacIgro-c. scattering function, K.sub.bkgd (t) , 
us?ng%"frr:rordtr model, as «EQU3#« where S(t) is the ' 
ToThe'ca^lt! !?So'!sub.i is the reflection coefficient of 
impedance' discontinuity, T.sub.i is the round-trip time 
iSan°ce'dLc;:t?;uity and . is the number of significant 
c:ble?'°^he'D?S^ technique is meant to be used in situations 
preexisting calibration for the cable is stored in an 
^opfrat:r°haf c^^P^ete access to all parts of the system. 
^IfcinUnCltie: often do not exist which limits the 
^?^ciwaf ticLi^ue'^ in the absence of an archive the OTDR 
o::a"terustTn te^t^ ^K^r. the operator ^ determines the 
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°Uratr?DR 'rceivers are needed, one for signal D. and one 

Th^ 'twraepa'rate TDR receivers operate independently. 

^,^J^-:?.'e'-3i'mode TDR is possible, operating on each wire 

rndrpendfnt^fasC^Lents of the positive and the negative 

::a^;!:!-by'dr.ving a positive step voltage STEP, on the D. 

Itrinversf It:? voltage STEP- on the D- wire allows 

^rarr^rn^orrhf differential Wires. In other words, the 

Inr^eldingf of :;ch TDR do not need to be executed 

simultaneously. 
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DOCUMENT -IDENTIFIER: US 5471148 A 
1 TITLE: Probe card changer system and method 


BSPR: 

According to the present invention, an improved wafer testing 
method and . ^ ^ 

prober-to-test head interface system is provided. The 
system, also referred to 

hereinafter as the "autoloader" provides for convenient 
loading and changing of 

probe cards, as well as a more effective means for 
positioning probe cards 

during test operations. The present invention is also 
directed to a systematic 
I method and device for probe card dam collection. 
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(37] ABSTRACT 
A prober later imei^ tynea U deicribed wUch includei 
a ccriaje having a plunfity of cam foCowen on i» perim- 
eter ocd a csm ring having ai^utility of cam groove* on la 
intsiiot. FOddaciag nusits era deiachably cccpled to the 
esntage fbi poritioning the cam followen te the cam 
groovcL Rotiiing meacs ate oooplcd to the can ring for 
nating (he cim ring, thBreby cwiiing lb* cam fWlowei* to 
tiack in Ae cam giwvci tod row t3M carriage in a diitcdtn 
tobitandally peipendlailar lo the plane cf ihe cam rii^. A 
tneihod i> also described in which a carmge having a probe 
card diiposed therein and a pluisliv of cam followen on iu 
perimeter U poflUoned in a cam ring having a plurality of 
cam groovw located on to Inarior to engage the cam 
followers In the cam groovci. TOt probe carfi it eqaipped 
wiOi & plunUiiy of ten pirn. The cam ring is then rotaad, 
ihtreby causing the caa folJowcn lo track :h< cttic 
groove* and move the carriage in a dircaion perpendicular 
to the piane of the cam ring, thereby coupling the prober card 
10 a test head. A semiconductor waft? is then brought imu 
contact with the test pins and probed. 
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DOCUMENT -IDENTIFIER: US 4943767 A 

TITLE: Automatic wafer position aligning method for wafer 
prober 


BSPR: 

Each of the above-mentioned probers allow automatic changing 
of probe cards; 

however, a fully automated semiconductor manufacturing system 
cannot be 

achieved unless the probe aligning operation is automated 
along with the 

automatic changing of probe cards. 
BSPR: 

It is an object of the present invention to provide a wafer 
prober which can 

realize both automatic changing of probe cards and automated 
probe alignment of 

a probe card, in correspondence with a change in the sort of 

wafer to be 

measured. 
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DOCUMENT -IDENTIFIER: US 4 797610 A 
TITLE: Electronic test fixture 


BSPR: 

Accordingly the invention overcomes some of the disadvantage 
cited by providing 

a structure which permits a circuit board to be placed 
directly in the fixture 

between two vertically positioned probe plates whereupon it 
is automatically 

aligned. The invention further permits the changinrj of probe 
plates in a 

convenient manner and use of a structure that ensures more 
precise alignment of 

the probe plate without placing exacting demands on machining 
of certain 

components of the fixture. 
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DOCUMENT -IDENTIFIER: US 4510691 A 

TITLE: Device for measuring distances between tvo opposite 
surfaces 


DEPR: 

The ferrule 3, the probe 4 and the rod 5 constitute together 
a probe assembly. 

By changing this probe assembly, measuring organs with 
different diameters and 

forms of the feeler head 4a can be inserted in lever 6. The 
rod 5 is provided 

with abutment means, such as stop surface 5a, cooperating 
with the stop 12. If . . r • u 

the position of this stop surface 5a of the rod 5 is chosen 
in function of the 

diameter of the feeler head 4a, the angular movement of lever 
6 can be 

controlled in such a way that the clearance between the pin 
11 and the 

eccentric part 11a always remains the same so that different 
probe assemblies 

can be secured to lever 6 without changing the position of 
the stops in the 
body 1. 
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ABSTRACT 


Tne mewuring device compruei a body (1) whose end 
(lo) u secured to a rod (2) connected to t measuring 
iasirumeot. A probe assembly (3,44) ii provided with a 
feeler head (4o) and u tscurtd to e ievei (6) which 
rotttcj around a pin <8) in the body (1). The angular 
path of tha lever (6) is. limited by a stop (12) buUi into 
the body (1) and by a stop adjuiublc by means of an 
eccentric part (Ilo) in such a manner that the body (1) 
alwaya takes the same poshlos is each measuruis direc- 
tion OD altemits roetsuring of t*'o opposite surfaces 
lying in the isme plane. A tpring (9) urges the lever (ti) 
towards its upper posttioar By this fneans, the measure- 
ment of the distance between opposite surfaces requires 
no calcolatioB, 1-e. addition or subtraction of measuring 
. coBstants, thtis making measQiemeat osier and preclud- 
ing errors in calculat^ma. 
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TITLE: Probe system for device and circuit testing 


BSPR: . . 

In the prior art, such probe systems have typically used 

probes, which are 

normally in the form of very fine needles, that are 
individually attached to a , j. *.i 

printed circuit card by either soldering the probe directly 

to the printed . . ^ . ^ ^„ 

circuit board or to a holding device which m turn is 
soldered to the printed 

circuit card. It has been suggested in the prior art that a 
blade such as the , ^ 

type described in U.S. Pat. No. 4,161,692 be secured to a 
printed circuit ^ ^ _ ^.^ ui 

card with needles or probes attached to the end of the blade. 

t^ically^extend from the mounting place such as the blade in 

a cantilever arm ^ ^ ^ ^ ■ i 

fashion reaching out as much as several hundred mils to the 

point on the , ^x. c ^r. 

circuit, the pad, to be probed. To change the force on the 

probe requires pp^^ 
either chancjing the probe diameter to make the probe stiffer 
or more flexible, , ^ ^. 

or changing the probe length or cantilever length. Further, 
the utilization of 

such probes does not provide a convenient means tor 
implementing a controlled F^^„,,^n^w 
impedance transmission line; that is, in many high frequency 

test environments, .„^^^^^r^*- r^r 

the use of transmission line techniques is very important f or j 

the accuracy and 
validity of the test. 
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[if] ABSTRACT 
A probe usembly li deicribed for providiog wmportry 
cooatctkm to eJectrictl cireuia under test soch ii tnte- 
grated circula and ihe like. Individutl prabei «e 
formed of suitable oietil »nd ut provided with a to 
bend to crtaie a depending portion for conuct wih a 
pad of a circuit under tot and to form a sappcrted 
iensth «tcnding along a do: fanned in (be turfsce of a 
probe guide. Tlie slot in the probe guide temunjte* ai a 
hole for re«iving the depending portion of the probe; 
the probe ii wppaned by aad positioned by the probe 
guide within the dot and hole pro%idcd therefore; in 
elaiiomeric pad is pUccd over a ponien of the proie In 
;he ilot wd ■ prrtwrf plate uraes the elastomer into 
ooauci with the probe to provide biaiir.g force w (ifge 
the probe to extend through the probe guide hole into 
conuct with the pad of the circuit under teit. The pret- 
aure plate may contain signal trace* for connection to 
the fupponed length of the probe to pennii ognil* to be 
communicated from the probe tip in contact with At 
pftd to a location remote frcm the proibe. 
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BSPR: 

In another preferred embodiment of the invention, the method 
comprises the 

steps of a) sequentially conducting a test of each of a given, 
number of the 

integrated circuit chips and calculating a fraction defective 
over the given 

number of the integrated circuit chips as a result of the 
test, b) changing 

probe pressure with which the probe styli contact the 
electrodes on the 

integrated circuit chips, to a different value from a value 
applied in the test 

conducted in the step a) whenever the calculated fraction 
defective exceeds a 

predetermined value, c) conducting a test of the given number 
of the integrated 

circuit chips at the different value of probe pressure 
whenever the probe 

pressure is changed to the values, d) calculating the 
fraction defective over 

the given number of the integrated circuit chips as a result 
of the test 

conducted at the different value of probe pressure, and e) 
selecting a value of 

probe pressure which exhibited a minimum value of fraction 
defective as the 

detraction defective calculated at the step d) , from among a 
plurality of 

different values of probe pressure applied in the test 
conducted in the step 
c) . 
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Primary Exatmur-enctt F. KulMB 
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Anonry, AgeH or Finn— KUibury Nlidiioo 4 Sutro LLP 
[57] ABSTRACT 

A sendcooductor inlq^aled ctrcuh ts tested itidi ttiat probe 
jtyli ttc broufht into cooun with electrode* 00 Uiegntcd 
circuit ddpi fanned lo i temlcosdiiaor wtfo to testdrcoit 
duricterlnics of the late^itod ctrculi chips. A test li 
conducted am » giveo oimAxt at Utegnted cbcuit chipi. 
A tncAoa defective over the given cumber of ifitesrtted 
drcutt chips It ctkuUted at 1 leudt of (he test conducted. 
Prabe pnssuie with Which the probe ftyU coottet (he 
electiodei oo the inugnted drodi chips ii cottroOed oo the 
htsU of the calcuiitcd fractloo defective. 

5 Oilffls, 10 Dnvtog Sheets 
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both random noise as well as undesired responses that are not — 
random. 

During manufacturing, the dielectric 205 is deposited on 
the capacitive 

plate 202 and then the guard plate 204 is deposited on the 
dielectric. Next, 

the guard plate is etched down to the dielectric 205 to form 
traces for a 

buffer circuit 208 and a groove 316 is etched all the way 
around the buffer 

circuit area to electrically isolate the buffer circuit from 
the guard plate. 

During manufacturing, the buffer circuit 208 is mounted to 
the traces formed 

from the guard plate by using a chip on board procedure. The - 

buffer circuit is V 

electrically connected by a pin in socket connector Wia to a J 
standard signal 

electrode spring pin 212, which acts as an electrical 
coupling means to a 

measuring device. The guard plate 204 is electrically 
connected via connector 

220 to a guard electrode spring pin 210, which electrically 
couples the guard 

plate to system ground or a controlled voltage source. 

Spring pins 210 and 212 can be standard off-the-shelf 
spring pins, such as a 

100PR4070 made by QA Technology Company of Hampton, New 
Hampshire. Spring pins 

210 and 212 give the test probe z axis travel, which allows 
for intimate 

coupling with the integrated circuit component to be tested, 
regardless of the 

height of the component. Also, when the invention is used to 
test an entire 

circuit board, as in FIG. 1, the z axis travel of the spring yj 
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DRPR * 

FIG. '2 13 a schematic indicating the cable of FIG. 1 having a 

•?t°and'connected°to an open signal launch for the performance 
of the first and 

third calibration steps according to the invention. 
DRPR' 

FIG.* 4 is a schematic indicating the cable of FIG. 1 having a 

standard^attached to it and terminated by another cable for J 

the performance of ^ • 4.- 

the second calibcatiori step according to the invention. 

Thrimplitude of the step that is incident on the line under 
test 18 is not the . 
same as the amplitude of the step emerging from the 

instruments port 26. A ^ ^ ».ui ^ n^f^^oronrp 

series of calibration steps compensates for this difference 

in amplitude. The ■ ^ 4. 

calibration steps are used to determine V. sub. incident, 
V. sub. reference, and ... 
T.sub. reference, sbsb.--. sub. point. The ca.u.oi:atior) steps 

may be performed in . , i_ ■ 

any order. Good results have been obtained by using the 
following sequence of 
steps. 

DEPR ' 

The first calibration step is performed to determine 
T.sub. reference. sbsb. -.sub. point. As shown in FIG. 2, this 

connettlnfthe probe 14 to a signal launch 31 that is on the 
PWB 28 The 

signal" launch 31 could be a via on a PWB. The signal launch 

31 selected for , ,.,r.^k -" 

this step must be structurally the same as the signal launch ^ 

w— 
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DOCUMENT -IDENTIFIER: US 5631856 A 

TITLE: Test sequence optimization process for a circuit 
tester 


DWKU: 

A variable named "Fitch " is developed to indicate the 
shortest weighted , . . 

distance between sets of points and next move candidates as 
determined by the 

process described above. This variable is used, in a manner 
which will be i .uu 

described, in the Second Pass of the Optimization Algorithm 
to determine which 

sets of points are of interest for consideration as the next 
set of points to ^ . „ . . 

be linked with a given set of points. Since Pitch is set 
according to the ^ ^- *. 

minimum move distance, the "Pitch " value is saved the first 

time the ^ 
"CurrentMax" variable is calculated, to begin the process ot 

determining a 

"Pitch " value, and otherwise whenever the value of 
"CurrentMax" is less that 

the value of "Pitch ". Thus, determinations are made in 
steps 98 and 100 of 

whether "CurrentMax" has been calculated for the first time, 
and whether , ^ ^ ^ 

"CurrentMax" is less than the value currently stored for 
"?i t:ch ". If either of , 
these is true, "Pitoh " is set equal to "CurrentMax in step 

102. 
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wlihlai ckcBlttenfltfuriU^tlinlzcdltnasbCtceMrf 
Bi dsoridsa Kblcfa •eqcetmaHy odm teit cucllsuniloBi 
provided la •& Ispct tla Bid ttil ooficcntioa os^^ 
to tte bctdou of iK(it« wtdrfD (hs fhan u t pirtlcukr 
tcftii paftttud. lo ■ ftntpsu cf (be ilicdaa.ft' Mdi tBrt 
ooaflfuatfoii, «v<ry other tut cooSguntioa it coiuid md u 
• uai stove cwdUtte fee wbleb « wdihted dhtiisce k 
^1^1 fit gnn &e ten oosligatftlaD. Wdftdss f^cton 
nfleet tfae of ttffUco&y la mmtag 6xtesiia 
boetd erf iftcOiflc Aceeil to move oce probi b«f<R 
cr to rrWff b oae ^ |f^*^"" bcfbn tsoAff, ia oRbr to 
(Tfvu ■ coIlitif« wtthbi &a tM fixiia*, 1* itw «oeiUei^ 
A [ndttainlnsd ftUittbir trf Bfxi mm endld«et bivtB8 
th« loweft veEiPUtd dtttuna ■» ^aecd 1& ta is^^ 
lin fa lbs tsit <viTiflf««fti>. Ik t noosd put cf die 
■iyf»w<7fi , tett eesfissuslioia n Unbd oae to uttXba, to 
fonn 1 UUKSedliis i pnSeasl enter cf pratK mmnusL 
b 111* pnictn «f mini vm i w cca^so&n. 
tv^JatdsneUDOvecudldiU hivicg the ihorteit vtigbid 
jiiftwn, ii c!tot£D fpcan Ibft Istcnsedtitc Bit of the ten 
CDoflgantlaiL If ao tvailibla am move eudUittt raailn 
11 the hccaaccUKt Ust, the prooeu vmnu tc iht first 
of tfc* ilgcrithm H> cet mote next mows ciadiiUtei. 
Additioul^. the algcslttm li tOdd to icqaestiiHy ad«r 
ijidlHtett poUiti for 1 ten nxciiie tuiitti ool? I tlBSU pobe. 
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the test area, tor contacting conductive elements oi said 
workpiece, regardless 

of pitch and configurations of the conductive elements ot 
•the workpiece, the 
test area comprising: 

CLPRi 

6. The test equipment of claim 1, wherein density and pitch 

of test electrodes . . ^ 

at surface facing the workpiece is scaled such as to provide 

a continuous . ^ ■ c 

uniform mattress of test electrodes through design of new 

adapter/pitch 

translator's, thereby providing for universal usage in 
accordance with 

technological advancements needs. 

CLPR: ^ . . 

10. The test equipment as in claim 1, further comprising a 
second congruent , ^ u 

test area, substantially parallel to the test area, the test 
equipment for 

simultaneous functionality testing of both surfaces of a 
workpiece placed in an ^i, *. 

arbitrary position and orientation with respect to the test 
area and said , . ^ f 

second test area, for contacting the conductive elements of 

the workpiece, . 4. ■ 

regardless of pitch and configurations of the conductive 
elements of the 
workpiece. 

CLPV ■ 

said' cushion having bumps on said second surface facing the 
workpiece, said 

bumps having density and pitch corresponding to density and 
plt:ch of said 

second cross section surface of adapter/pitch translator 
- ninh.i nn. 
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DVKU: 

6024526 

DEPR: 

Camera 5 is any known type of camera customarily used for 
optical inspection. 

Its position relative to base 13 is preferably precisely 
defined, either by 

exact placement or by calibration . The position can be 
precisely defined 

through high accuracy manufacturing techniques. In a 
preferred embodiment, 

though, a calibration routine is run. During calibration, 
the camera 5 is 

focused on features of base 13 or positioning mechanism 11a 
or lib. The image 

of these features is used to compute the relative position of 
positioning 

mechanism 11a and lib and camera 5. 
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BSPR: 

Tray type handlers are less prone to jamming. However, to 
test multiple parts 

simultaneously, the components must be loaded into trays 
which hold the 

components with the same spacing (pitch ) as the test sites. 
Elements are 

sometimes included in the handler to load the trays into 
appropriate sized 

trays. After the test, the components must be unloaded into 
trays based on the 

results of the test. These loading and unloading operations 
are often . 
performed with one or more "pick and place" units. A pick 

and place" is a 

vacuum actuated device which can pick up a component, move it 
about in a plane 

and then set it down. These devices have three degrees of 
motion and generally 

a limited range of travel. They are therefore less 
complicated than a full 

robotic manipulator. Nonetheless, they reduce the speed of 
operation, increase 

the complexity of the handler and occupy space. 
DEPR: 

When the wafer or tray of chips is presented to the test head 
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•testing the 

functionality of a workpiece placed in an arbitrary position 
and orientation on 

\he test area, for contacting conductive elements of said 
workpiece, regardless 

of pitch and configurations of the conductive elements of 
the workpiece, the 
test area comprising: 

CLPR: 

6. The test equipment of claim 1, wherein density and pitch 
of test electrodes 

at surface facing the workpiece is scaled such as to provide 
a continuous 

uniform mattress of test electrodes through design of new 
adapter/pitch 

translator's, thereby providing for universal usage in 
accordance with 

technological advancements needs. 
CLPR: 

10. The test equipment as in claim 1, further comprising a 
second congruent 

test area, substantially parallel to the test area, the test 
equipment for 

simultaneous functionality testing of both surfaces of a 
workpiece placed in an 

arbitrary position and orientation with respect to the test 
area and said 

second test area, for contacting the conductive elements of 
the workpiece, 

regardless of pitch and configurations of the conductive 

elements of the 

workpiece. 

CLPV: 

said cushion having bumps on said second surface facing the 
workpiece, said 
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fixtures utilizing non-contact test probes are just as 
complex and expensive as 

ohmic bed-of-nails fixtures. Accordingly, for fine pitch 
components, an 

alternative, less expensive approach to the non-contact test 
probe fixture is 

needed in which the secondary stimulus and associated test 
probes are moved 

precisely to the connection to be tested. 
BSPR: 

The present invention is a test system and method of testing 
electronic 

assemblies having fine pitch parts, double sided electronic 

assemblies and test 

fixtures. 

CLPV: 

a camera coupled to said robotic test probe positioning 
means, whereby said 

camera aligns said robotic test probe positioning means with 
said electronic 

assembly to compensate for misalignment, wherein said camera ^ 
also provides 

vision for positioning of said at least one test probe over 
fine pitch elements : 
on said second side of said electronic assembly, wherein said ; 
positioning of ! 
said at least one test probe is performed by said robotic ^ 
test probe 
positioning means. 

CLPV: 

a camera coupled to said robotic test probe positioning means 
for aligning said 

robotic test probe positioning means with fiducials on said 
electronic , . . 


1 O Oetouls . ^ Text !^ Image I |kwic J: 


Document ID 1 Kind Codes | Source Issue Date| Pages | 

.1 
2 

4 

US 6024526 A 
US 5781021 A 
US 5631856 A 
US 5498964 A 


USPAT ;20000215 
USPAT 19980714 
USPAT 19970520 
USPAT 19960312 

25 ;intec 

18 ^Unive 
24 -Test ■ 

19 Capac 


US 5469064 A 

USPAT ;19951121 

19 ^Elect] 




U.S. Patent 


Not. 21, 1995 


Sheet 5 of 10 


5,469,064 



^7 


FIGURE? 


Eila Edit yiew lools Wlndw Jielp 


ft 


Bypass capacitor 70 bypasses high frequency components to 3 
ground. The 

transformer provides an AC path for signals, while the 
resistor provides the 

proper DC termination. Capacitor 70 removes the effect of 
resistor 68 for AC 
path signals. 

DEPR: 

In accordance with the time-domain ref lectometry instrument 
of the present 

invention, TDR pulses are sent out across the network. The 
typical pulse 

length is 125 nanoseconds. Such a pulse will propagate 
throughout the network 

but will not likely be recognized as a collision by 
transmitting stations on 

the network. However, even though the various transmitting 
stations will not 

recognize this collision, the pulse is capable of creating 
bit errors in the 

data transmitted by a particular station. Thus, as noted 
hereinabove, the bit 

errors will go undetected by the low-level transmission 
protocol and will 

require that the next level up or higher protocol determine 
that a data error 

has occurred. The difficulty with not detecting the bit 
error at the lower 

level protocol is that the higher level protocol may require 
3 or 4 seconds or 

more before timing out or otherwise determining that an error,, 
has occurred. In r- ^ 
performing the time-domain ref lectometry, a large number of 
pulses are sent out : 
in order to increase resolution and obtain accurate ^ 
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particular network. Capacitor 70 provides a bypass for high 
frequency signals 
to ground. 

DEPR: 

Referring now to FIG. 3, a schematic diagram of a particular 
driven crossover 

network, this implementation will be described. The driven 
crossover network 

comprises, as discussed herein-above, the transformer 64, the 
primary of which 

is connected to a driver 62, and a detector 80 for providing J 
TDR pulses and 

detecting the same. The second leg of the primary of the 
transformer is 

connected to ground. The secondary of the transformer is 
connected to the 

connector 66 which suitably interfaces with the Ethernet. 
The second leg of 

the transformer secondary is connected, as noted 
hereinbefore, to impedance 68 

which is suitably a 50 OHM resistor in a particular 
application, to provide the 

proper termination on the Ethernet, so as to not result m 
reflections or other 

problems which would appear as a result of an improperly 
terminated node. 

Bypass capacitor 70 bypasses high frequency components to 
ground. The 

transformer provides an AC path for signals, while the 
resistor provides the 

proper DC termination. Capacitor 70 removes the effect of 
resistor 68 for AC 
path signals. 
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measurement. In 

applications where the probe has a 50 ohm impedance process 
connection, 

matching that of the control electrical connection, the 

design of the process 

seal can cause an impedance mismatch. 

DEPR ' 

The process instrument 10 includes a control housing assembly 
12, a probe ^. , 

assembly 14, and a connector 16 for connecting the probe 
assembly 14 to the 

housing assembly 12. The probe assembly 14 is typically 
mounted to a process ^ ^ . io 

vessel V using a threaded fitting 18. The control housing 12 

and connector 16 ^ -, c 

may be as generally described in Mulrooney et al., U.S. 
patent application 

Ser. No. 09/094,142, filed Jun. 9, 1998, the specification 
of which is hereby 

incorporated by reference herein. Moreover, the circuitry 
contained in the 

housing 12 may be as generally described in Carsella et al., 

appiication^Ser. No. 09/336,194, filed Jun. 18, 1999, the 
specification of 

which is hereby incorporated by reference herein. As 
described therein, a k- u 

probe comprises a high frequencry transmission line which, 
when placed in a mu 4-k 

fluid, can be used to measure level of the fluid. Thus, tne 
probe assembly 14 

is controlled by electronic circuitry in the housing assembly 
12 for 

determining level in the vessel V. 
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BSPR: 

A time domain ref lectometry measurement instrument uses 
guided wave radar for 

sensing level. The instrument includes a control housing and 
a probe. The 

probe is typically mounted to a process vessel using a 
threaded fitting or a 

flange fitting. The probe comprises a high frequency 
transmission line which, 

when placed in the vessel, is used to measure level of fluid 
in the vessel. 

The probe is controlled by electronics in the control housing 
for determining 
level in the vessel. 


as well as certain 


BSPR: 

A time domain ref lectometry instrument, 
other process 

instruments, imparts a pulse signal on the probe and receives 
a return signal. 

The relationship between the pulse signal and the return 
signal is used to 

determine level. Typically, the control housing includes a 
50 ohm control 

connection for the probe. If the probe has a different 
impedance, then a 

mismatch results. The mismatch can cause errors in level 
measurement. In 

applications where the probe has a 50 ohm impedance process 
connection, 

matching that of the control electrical connection, the 

design of the process 

seal can cause an impedance mismatch. 
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